Abstract. Internet of things (IoT) can provide an extensive scope of services via smart devices to promote the convenience of life. With advances being made in smart phones, enterprises are increasingly considering expanding their customer base through mobile commerce services. To promote m-commerce improvement, enterprises should organize an excellent m-commerce environment and attempt to realize user needs in the era of IoT. In a fuzzy environment of the real world, objective decision-making for m-commerce improvement is usually a FMADM problem involving feedback-effect and interdependence among the dimensions and criteria. But, many traditional decision models cannot conduct the complicated interrelationships among dimensions and criteria. This study proposes an improvement model that can promote m-commerce improvement towards achieving the aspiration level in fuzzy environment. The proposed hybrid model conducts the feedback-effect and dependence among attributes, and it combines the FDEMATEL technique, FDANP, and MFGRA methods. The empirical case study was conducted to prove the utility of the new hybrid FMADM model in evaluating an m-commerce environment. Comparative results exhibited that the proposed approach is superior to the traditional method and that it can obtain most real grey relational degree that can be used for establishing the best performance improvement strategy in reality.
Introduction
Internet of things (IoT) can provide an extensive scope of services via smart phones to promote the convenience of life. With recent technological advances, enterprises are increasingly considering expanding their customer base through mobile commerce (called m-commerce) services for aiding decision-making tasks in the era of IoT (Maity, Dass 2014; Ruan, Shi 2016) . In particular, with the advancement in wireless and mobile technologies and smart phones (such as appearing iphone 3G to XS with continuous improvement until now), business communities and industries operating through m-commerce have emerged. Notably, mcommerce can enable innovation and create business opportunities because of speedy market growth and the large number of smart phone users in Asia (Chong 2013a) . Therefore, the importance of m-commerce is increasing. To promote m-commerce improvement, enterprises how should create an excellent m-commerce environment and attempt to realize consumer/ user needs. In a fuzzy environment, objective decision-making for m-commerce improvement is usually a fuzzy multiple-attribute decision-making (FMADM) problem involving interdependence and feedback-effect among all considering factors such as dimensions and criteria. However, many traditional decision models cannot conduct the complicated interrelationships in the real world problems.
To address the aforementioned situations, this study used the new hybrid FMADM model that combined the fuzzy decision-making trial and evaluation laboratory (FDEMATEL) technique, an FDEMATEL-based analytic network process (FDANP), and the modified fuzzy grey relation analysis (MFGRA) methods to consider the interdependence and feedback between dimensions or criteria. The FDEMATEL technique was used to build the fuzzy total influence relation matrix for addressing the interrelationship among dimensions or criteria, and to build a fuzzy influence network relationship map (FINRM) for providing systematic improvement. The fuzzy total influence relation matrix also was used with the basic concepts of the analytic network process (ANP) for developing the fuzzy influence weights of fuzzy DEMATEL-based ANP (called FDANP). The MFGRA method was combined with the fuzzy influence weights as weighting to integrate each performance coefficient of grey relation from each criterion into grey-relational degree in each dimension and overall towards closing the aspiration level, and to assess priority improvement for m-commerce (problem-solving) on the basis of grey-relational degrees and FINRM. The traditional method adopting the concept of "max-min" as a benchmark only can be used for the selection and ranking, cannot be used for the performance improvement. The proposed model, which involves the use of an aspiration level as a benchmark, can be used to not only overcome the drawbacks of the traditional method but also can determine how improve the performance to increase the grey relational degrees towards reaching the aspiration level for each criterion, dimension, and overall performance of each alternative. The proposed model can also use in only single alternative for problem-solving in performance improvement. Simon (1955 Simon ( , 1972 ) explained the concept of aspiration level, according to which the decision-makers should set the aspiration level as a benchmark to choose a satisfied alternative. Simon combined this concept into his work and acquired the Nobel Prize in Economics in 1978. In the current study, three methods were combined to construct the new hybrid FMADM model for m-commerce improvement.
Eventually, the empirical case study was conducted to prove the utility of the new hybrid FMADM model. The results exhibited that Yahoo shopping (alternative A) achieve the best ranking and best selection and can also effectively make the improvement plan by systematics for Yahoo shopping (alternative A) how towards approximating the aspiration level based on the FINRM. Furthermore, the comparative results exhibited that the new hybrid FMADM model is superior to the traditional model and that it can achieve most real grey relational degree to innovate and establish the best improvement strategy in reality. The proposed model can also effectively assist enterprises promote m-commerce improvement by enhancing "perceived security", thereby more satisfying consumer/user needs.
The rest of this article is organized as follows. The Section 1 presents the study attributes for m-commerce improvement in the literature review. The Section 2 presents the evolution of hybrid FMADM model for facilitating m-commerce improvement. The Section 3 describes the empirical case study for showing the effectiveness of this study. Eventually, conclusions and remarks are described in the last Sections.
Review of attributes for m-commerce improvement
The literature review begins with a discussion on m-commerce improvement, which is the focus of this study. Subsequently, for examining m-commerce improvement, "trust", "attitude", and "perceived security" are used as the study framework on the basis of the conceptual foundation of the appropriate literature and investigations as pretest questionnaires. The details are explained in the following subsections.
M-commerce in the era of IoT
IoT-related technologies, such as wireless sensor networks, mobile communication networks and the Internet are applied in many areas of modern life to promote quality of service, security and convenience (Gubbi et al. 2013) . Ruan and Shi (2016) proposed an IoT-based framework for monitoring fruit electronic commerce (e-commerce) deliveries to construct a perfect supply chain system in fruit e-commerce for reducing transportation time and cost via IoT-related technologies and concepts. M-commerce can be regarded as the diffusion of e-commerce, and it has developed on the basis of acceptance of technology, consumer behaviour, and extension of its applications and services (Ngai, Gunasekaran 2007) . M-commerce is a technical advancement and is an attractive domain for study because of its potential applications, novelty, and speedy expansion (Sadeh 2002) . For business to consumer (B2C) markets, m-commerce is expected to enable innovation and establish more commerce chances because of the feature of mobility (Barnes 2002; Lu et al. 2015) . Mobility means easy and convenient, for example, the users can carry out instant business activities via smart device (i.e., smart phone) of IoT. Atzori et al. (2010) indicated that IoT-related technologies must include with respect to the management of the trust and security for all the exchanged data. In the era of IoT, new security infrastructure is necessary for the success of IoT. In other words, security is critical to the service-applications and physical devices of IoT (Li et al. 2016) . The current study explored the evaluation attributes on the basis of the questionnaire replications and appropriate literature and suggested that the dimensions of trust, attitude, and perceived security can influence consumer willingness to utilize m-commerce. Consumer trust is expected to influence consumer usage intention of online shopping (Gefen et al. 2003; Gefen, Straub 2004; Fang et al. 2014) . The acceptance of information technology (IT) or online usage intention can be explained by considering attitudes Davis 1989; Venkatesh et al. 2003) . Security also influences the consumer usage intention of m-commerce or electronic payment transactions (Chellappa, Pavlou 2002; Suh, Han 2003; Leu et al. 2015) . Therefore, this study used the aforementioned the dimensions of trust, attitude, and perceived security to assess m-commerce improvement.
Dimension of trust
Trust is regarded as a catalyst of market transactions and leads to customers having high anticipations of sufficing commerce relations. IT also supports commerce activity of customers in online shopping (Gefen et al. 2003; Fang et al. 2014) . On the basis of prior conceptualizations of trust, we used four types of trust antecedents -honesty, competence, benevolence, and familiarity -to assess trust in m-commerce. Each criterion and its attributes can be explained as follows. Honesty is the anticipation, which the other party can make sincere agreements, for example, being truthful and achieveing commitments (McKnight, Chervany 2001; McKnight et al. 2002; Ridings et al. 2002) . The honesty of a mobile vendor decreases the social uncertainty involved in breaking contracts and leads to the expected outcomes of the consumers (Gefen 2002; Gefen, Straub 2004) . Therefore, honesty can be a major criterion of trust and be used to examine behavioural intention for using m-commerce. Competence is the faith, which the other party has the technical abilities to complete its duties (McKnight, Chervany 2001; Ridings et al. 2002) . Enough competence of a mobile vendor leads to goods and services being provided to customers (Gefen 2002; Gefen, Straub 2004) . Accordingly, competence can also be a major criterion of trust. Benevolence is the anticipation, which the other party will show concern for the consumer. Benevolence reflects a special relationship between a vendor and the consumer, and the benevolence of a mobile supplier enhances the consumer satisfaction and service quality (McKnight, Chervany 2001; Ridings et al. 2002; Gefen, Straub 2004) . Accordingly, benevolence also can be a major criterion of trust. Familiarity is a feeling produced from prior interactions and experiences, and it reduces social uncertainty through incremented comprehension (Gefen 2000; McKnight, Chervany 2001; Gefen et al. 2003) . Consumer familiarity influences behavioural intention because it involves understanding the vendor (Gefen, Straub 2004; Gefen et al. 2008) . Accordingly, familiarity can also be a major criterion of trust.
Dimension of attitude
Attitude is described as a personal feelings or cogitations about showing some behaviours (Ajzen 1991 ). In the current study, attitude indicates consumer' feelings about utilizing mcommerce technologies for their intended purchase. Past studies have discovered a powerful relation between customers' positive attitudes and behavioural intentions to use computer technologies (Yang 2005; Chong 2013b ). Therefore, it is expected that customers' favourable attitudes before purchase will be directly related to their intentions to utilize m-commerce technologies. The current study decomposed attitude in the environment of m-commerce use into perceived ease of use, perceived usefulness and compatibility (Taylor, Todd 1995) . Perceived ease of use is the degree of user perception that utilizing an IT system will be easy Davis 1989) . Perceived usefulness is the degree of user felling that utilizing an IT system will promote their own performance. Compatibility is the degree to which technology adopted matches the needs, tasks and of values the user (Taylor, Todd 1995) . Perceived ease of use, perceived usefulness and compatibility were the most constantly evaluated criteria in the diffusion and adoption of Internet-based technologies (Liao et al. 1999; Vijayasarathy 2004; Pynpoo, van Braak 2014) . Accordingly, they are regarded as major criteria of attitude when examining usage intention or adopting m-commerce.
Dimension of perceived security
Perceived security has been considered as the perception that in electronic transactions, fraudulent activities will be prevented, consumer privacy will be protected, and m-commerce will be encouraged (Tsiakis, Sthephanides 2005; Kim et al. 2010; Leu et al. 2015) . Gubbi et al. (2013) indicated that three physical components of IoT (i.e., RFID, wireless sensor networks and cloud) are vulnerable to attack. Security is critical to any network and encryption is an important line of defense for preventing data corruption. On the basis of prior conceptualizations of security, we used four types of authentication, encryption, data integrity, and privacy protection to examine customers' perceptions of security in m-commerce. Authentication assures that the identities of both parties participating in an online transaction will be confirmed. The authentication mechanism typically involves a digital signature and certificate (Chellappa, Pavlou 2002; Suh, Han 2003) . Encryption means that original information will be transformed into an encoded form. The encryption mechanism involves the integration of complex algorithms and keys (Aldridge et al. 1997; Chellappa, Pavlou 2002; Suh, Han 2003) . Data integrity assures that data in online transmissions are not modified or deleted unlawfully. A data integrity mechanism involves using appropriate transmission technology (Suh, Han 2003; Tsiakis, Sthephanides 2005) . Privacy protection assures that information concerning consumers participating in an online transaction will not be exhibited to unauthorised people (Chellappa, Pavlou 2002; Suh, Han 2003) . Accordingly, these mechanisms influence security perceptions, and they can be considered major criteria for perceived security to examine usage intention.
Consequently, in the current study, the research framework is based on the conceptualisations of the investigations of pretest questionnaires and aforesaid literature, requires the selection of dimensions and criteria, as illustrated in Figure 1. 
Research methodology
This Section introduces a new hybrid FMADM model that combines the FDEMATEL technique (FINRM), an FDANP, and MFGRA methods. The model can address complicated relationships involving interdependence and feedback for m-commerce improvement. The FDE-MATEL technique was used to build the FINRM and find out the fuzzy influence weights of the FDANP. Subsequently, the fuzzy influence weights were used with weighting the MFGRA methods to integrate each criterion into dimensions and overall grey relational degree. The model was used to innovate and create improvement plan of m-commerce on the basis of the FINRM, as illustrated in Figure 2 . Compatibility (C 23 ) Zadeh (1975) initiated the concept of linguistic variable to conduct the compound words of linguistic value in a natural language in real world situations. The current study used a linguistic variable to make a pairwise comparison of the FDEMATEL questionnaire. The comparison was made in terms of the options "no affect ( 0  )", "weak affect ( 1  )", "middle affect ( 2  )", "strong affect ( 3  )", and "very strong affect ( 4  )" as a linguistic perception (natural language). An example of a question is depicted in Figure 3 . Furthermore, the linguistic variable was utilized to survey the performance score for each dimension/criterion in terms of the options "very dissatisfaction ( 0
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This study selects the de-fuzzy method of the useful and simple to obtain the best defuzzy performance value (BDPV) of fuzzy number ( , , )
The BDPV can be calculated to perform the selection/ranking and innovate improvement plan as illustrated in Equation (1) (Opricovic, Tzeng 2003) .
Building the total fuzzy influence relation matrix using the FDEMATEL technique
The Battelle Geneva Research Center (Gabus, Fontela 1972 , 1973 developed the DEMATEL technique as a multiple attribute decision making (MADM) method for obtaining the interrelationship matrix for solving relationship problems (Tzeng, Huang 2011 , 2013 Liou, Tzeng 2012; Lu et al. 2013; Liou 2013; Huang, Tzeng 2014; Hu et al. 2015; Liou et al. 2014 Liou et al. , 2016 . Similarly, the FDEMATEL technique can be also utilized to build the fuzzy relationship matrix for solving relationship problems in fuzzy environments. The FDEMATEL technique (Hsu et al. 2007; Lu et al. 2013; Hu et al. 2015) consists of the following steps. The step one is to build a fuzzy direct relation average matrix using experts' questionnaires. The fuzzy direct relation matrix is yielded by each questionnaire, and then the fuzzy direct relation average matrix
can be acquired from the average value of the same criteria in the fuzzy direct relation matrices for all questionnaires, as illustrated in Equation (2). The linguistic scale used in this study are depicted in Table 1 ; ij b  indicates the degree of direct affect of criterion i on criterion j, and it is determined using a measuring scale from 0  to 4  ("no affect ( 0  )", "weak affect ( 1  )", "middle affect ( 2  )", "strong affect ( 3  )", and "very strong affect ( 4  )") for pair-wise comparison of criteria. The step two is to build the initial fuzzy influence relation matrix  F . The fuzzy initial matrix  F can be acquired by normalising the fuzzy matrix  B. Furthermore, the fuzzy initial matrix  F can be acquired from Equations (3) and (4), in which the main diagonal are equal to zero.
where , 1, 2,...,
. If at least one column or row of high-side summation by a triangular fuzzy number h ij f is equal to 1 (but not all) in
. The step three is to acquire the total fuzzy influence relation matrix  T . The total fuzzy matrix  T can be acquired from the limitless series of indirect and direct effects of the fuzzy matrix  F . In other words, the total fuzzy matrix  T can be acquired by Equation (5), in which I is an identity matrix. ...
where
The step four is to construct an FINRM based on total fuzzy matrix  T . The FINRM can help the decision-makers innovate and establish the best improvement strategy for m-commerce through an examination of the direct/indirect influence relationship of the dimensions/criteria and the critical influence criterion. Equations (6) and (7) can be utilized to acquire the sum of each column and row of total fuzzy matrix  T ; in the equations, i x  indicates the fuzzy sum of the ith row of total fuzzy matrix  T and represents the fuzzy sum of the indirect and direct effects of criterion i on other criteria, j y  indicates the fuzzy sum of the jth column of total fuzzy matrix  T and represents the fuzzy sum of the indirect and direct effects of other criteria on criterion j. When i equals j, i i x y ⊕   shows an indicator of the strength of affect received and given and represents the degree of relationship that criterion i plays in the problem. In addition, i i x y Θ   represents the degree of causality among criteria: if i i
x y Θ   is negative, then criterion i is affected by other criteria, and if i i x y Θ   is positive, then criterion i affects other criteria. The FINRM can be constructed from total fuzzy matrix  T .
where vectors  x and  y indicate the sum of the vector rows and vector columns, respectively. The degrees of influence and causality can provide the decision-makers with crucial reference information that can be obtained by plotting the FINRM.
Finding the fuzzy influence weights using the FDANP
The DANP was developed by Tzeng and Huang (2011) on the basis of the concepts of the ANP (Saaty 1996) for use as a MADM method for solving dependence and feedback problems, and for finding the influence weights (Tzeng, Huang 2011 , 2013 Liou, Tzeng 2012; Lu et al. 2013; Liou 2013; Huang, Tzeng 2014; Hu et al. 2015; Liou et al. 2014 Liou et al. , 2016 . Saaty developed the ANP to address feedback and dependence problems. How does the DANP differ from the ANP? The ANP is based on assumed relationships among dimensions and is used to obtain relative weights to achieve ranking/selection (i.e., the ANP only yields the relative best). The DANP can additionally obtain relative influence weights based on relationships. Similarly, the FDANP can also be used to address feedback and dependence problems, and to find the fuzzy influence weights in fuzzy environments for satisfying the real world situations. The FDANP method (Lu et al. 2013; Hu et al. 2015; Su et al. 2016) consists of the following steps.
The step one is to build the fuzzy unweighted supermatrix  C W from the total fuzzy matrix  T of criteria by normalising the clustering dimension. Fuzzy matrix C  T in Equation (8) 
where matrix 11  C W can be obtained from Equation (13) 
The step two is to construct the fuzzy weighted supermatrix (called the normalised supermatrix), represented by matrix D  T in Equation (14), by using the fuzzy unweighted supermatrix and the total fuzzy matrix  T of dimensions. 
where 1 , 1, 2,..., 
The step three is to determine the fuzzy influence weights by using the fuzzy limit weighted supermatrix (i.e., lim ( ) (17), where b represents a positive integer number. The fuzzy influence weights can be utilized for not only selection and ranking but also improvement towards approximating the aspiration level (i.e., the FDANP will attain the aspiration level when the fuzzy influence weights are combined with the MFGRA). 
Evaluating and improving performance using MFGRA
The grey system theory was developed by Deng (1982) as a MADM method to address problems of decision-making (Chiou, Tzeng 2001; Haq, Kannan 2006; Peng et al. 2011; Kou et al. 2012; Chiu et al. 2014; Liou et al. 2016) . This study improved the traditional grey relation method to replace the concept of "max-min" by using a negative point and an ideal ideal point as benchmarks in the concept of the fuzzy aspiration level and worst level (called "aspired-worst") as a benchmark for avoiding a situation that can be described by "the task of selecting the best among inferior alternatives". The MFGRA is also mathematically useful when dealing with a system with uncertain information in fuzzy environments in the real world. Therefore, we used the MFGRA to combine the fuzzy influence weights for each performance, for integrating each criterion into each dimensional performance for determining the fuzzy grey relational degree in fuzzy environments. We can subsequently improve the problems of m-commerce by using the FINRM how to increase the fuzzy grey relational degree towards attaining/closing the aspiration level (the traditional fuzzy grey relational analysis (FGRA) can only perform for ranking and selection, the proposed new modified FGRA (called MFGRA) can not only be utilized for the selection and ranking, but also can be utilized for the performance improvement towards reaching/closing the aspiration level) on the basis of interrelationships of the feedback and dependence problem in real world situations. The MFGRA method includes the following steps. The step one is to set the fuzzy worst levels ( worst j x  ) and fuzzy aspiration level ( aspired j x  ). In this study, scores of 0
 → very satisfaction) were employed in the questionnaires by using natural language for users/customers, such as "very dissatisfaction ( 0  )", "dissatisfaction ( 1  )", "regular ( 2  )", "satisfaction ( 3  )", and "very satisfaction ( 4  )", for evaluating the performance. Hence, the fuzzy worst level was set at score as Table 2 .
The step two is to determine the fuzzy grey relation coefficient. The traditional and proposed fuzzy grey relation coefficient can be obtained from Equations (18) and (19), respectively.
The traditional FGRA solution:
The proposed MFGRA solution:
where { } max max | 1,2,3,..., ; 1,2,3,...,
x  is the performance value of the jth criterion in the kth alternative, (4,4,4)
, and V is the distinguished coefficient, and V = 0.5 in this paper.
The step three is to determine the fuzzy grey relation degree. The traditional and proposed fuzzy grey relation degree can be acquired using Equations (20) and (21), respectively.
where j w  is the fuzzy influence weight of the jth criterion, obtained by using the FDANP. The fuzzy grey relational degrees can help the decision-makers innovate and establish the best improvement strategy for m-commerce in reality (i.e., how to increase the fuzzy grey relational degrees towards approximating the aspiration level).
Analysis for empirical case study of m-commerce improvement
This section discusses analysis of empirical case study that was conducted to demonstrate the utility of the proposed approach (a hybrid modified FMADM model) for improving mcommerce in reality. The details are provided in the following Subsections.
Problem descriptions
With technological advancements, enterprises are increasingly considering expanding their customer base through m-commerce for supporting decision-making tasks (Maity, Dass 2014) . Mobile phone use continues to increase because of advances being made in mobile marketing (Watson et al. 2013) in the era of IoT. Commercial activity involving m-commerce has become popular because of the increase in the number of mobile devices (Chong 2013a) . A major challenge is innovating and creating the best improvement plan of m-commerce in reality for satisfying consumer/user needs (i.e., including the problems of vagueness or inaccurate in human cognitive processes) in Taiwan. Previous studies involving "perceived security" are scant. Most prior studies supposed the independent dimensions and criteria in hierarchic structure to obtain a comparatively good result. Decision-making for m-commerce improvement in a fuzzy environment is essentially an FMADM problem involving interdependence and feedback among dimensions and criteria. However, many traditional decision models cannot conduct the complicated interrelationships. This paper attempted to progress a new hybrid FMADM model that could be utilized to address complex interaction problems in fuzzy environment with imprecise information for identifying the origins of a problem. Such a model can enable systematic improvement on the basis of the FINRM and help avoid "stopgap, or the so-called piecemeal, measures". Furthermore, we replaced the comparatively good result obtained from existing alternatives by the aspiration level. Finally, we compared the traditional method and the proposed new method (including modified FMADM), which the advantage of results and contributions.
Results and analyses
This paper built a construction of interrelationships for decision-making problem by using the FDEMATEL technique, and observed the evaluation attributes for improving mcommerce in reality. On the basis of experts' questionnaires, the fuzzy matrix  B could be acquired. The fuzzy matrix  F could be acquired by normalising the fuzzy matrix  B. The total fuzzy matrix  T could be acquired using the limitless series of indirect and direct effects for the fuzzy matrix  F , as illustrated in Table 3 . The significant confidence of the questionnaires reached 98.2%, more than 95% (refer to Note in Table 3 , the results exhibited that 18 expert questionnaires in practical experience can also be applicated to ensure explanatory power because the empirical questionnaires in practical experience are different from the social response survey; the social response survey is necessary to investigate more samples because it include the impact of many personal attributes and social attributes). Table 3 exhibits that whole criteria have a complex interrelationship. The total fuzzy matrix  T could be divided into a fuzzy matrix of criteria ( C  T ) and a fuzzy matrix of dimensions ( D  T ) by normalising the clustering dimensions, as illustrated in Table 4 . This Table 4 exhibits that the interrelationships among the criteria and dimensions are based on experts' cognition in practical experience and the fuzzy/de-fuzzy sum of the influences received and given for each criterion and dimension, respectively. Clearly, dimension 'trust' has the biggest positive value ( i i x y Θ   ), (−2.390, 0.046, 2.511)/(0.056), implying that it's the most influence dimension. The 'trust' dimension plays a primary part in the improvement system and has the maximal influence on the other dimensions. The "attitude" dimension has the least value ( i i x y Θ   ), (−2.628, −0.086, 2.449)/(-0.088) and is therefore most readily influenced by the other dimensions. Consequently, the decision-makers are able to handle "trust" dimension as a main consideration in potential commercial activities involving m-commerce. The "perceived security" dimension has the biggest intensity of interrelationship ( i i x y ⊕   ), (2.502, 3.880, 7.289)/(4.557) and is therefore regarded the most significant dimension by the experts, and it has the most interactive relation with the other dimensions. On the contrary, the value of ( i i x y ⊕   ) for "trust" dimension is (1.592, 3.018, 6.493)/(3.701) and therefore, the "trust" dimension relates the smallest to the other dimensions. In addition, the "familiarity" criterion has the biggest degree of causality ( i i x y Θ   ), (−7.945, 1.017, 10 .636)/(1.236) and therefore, it very readily influences the other criteria. The "competence" criterion has the smallest degree of causality ( i i x y Θ   ), (−9.789, −0.701, 8.208 )/(-0.761), and hence, it is the criterion most easily affected by the other criteria. The "privacy protection" criterion with a ( i i x y ⊕   ) value of (9.655, 14.686, 27.203)/(17.181) has the most significant relationship with the other criteria. On the contrary, the "benevolence" criterion has a ( i i x y ⊕   ) value of (3.721, 8.968, 21 .173)/ (11.288) and relates the smallest to the other criteria. On the basis of Table 4 , the FINRM for each dimension and their criteria can be drawn by using ( i i x y ⊕   ) and ( i i x y Θ   ) values of dimension or criteria to illustrate the fuzzy influence network relationship; the FINRM is depicted in Figure 4 . Clearly, experts exhibited that "trust" and "perceived security" dimension should be prioritised simultaneously for m-commerce improvement; lack of "trust" and "perceived security" is the source of problems and can affect the attitude dimension. From the viewpoint of the "trust" dimension, the directions of priority improvement can be ordered as "familiarity" > "honesty" > "benevolence" > "competence". The decision-makers can provide the perfect interactive environment to enhance mutual understanding with each customer, for achieving the desired performance of trust. From the viewpoint of the "perceived security" dimension, the directions of priority improvement are "encryption" > "authentication" > "privacy protection" > "data integrity". Decision-makers can provide an ideal encryption standard to achieve the desired encryption level for satisfying customers' needs.
The FDANP combines the FDEMATEL technique and the ANP and can be used to conduct a survey of a company for obtaining indicators for the interrelationship between criteria and dimensions (i.e., dependence and feedback). The FDANP could be utilized to acquire the fuzzy influence weights (i.e., fuzzy global weights) using the concepts of the ANP and Markov chain until the limit fuzzy supermatrix became a stable fuzzy supermatrix, as illustrated in Table 5 . The FDANP approach can also be used to derive the fuzzy local weights from the fuzzy global weights, as depicted in Tables 6 (fuzzy values) and 7 (de-fuzzy values). This derivation helps the decision-makers determine the fuzzy influence weights of each dimension and individual criterion across three dimensions for the purpose of selection and ranking. The results exhibit that "perceived security" is the most crucial dimension and that compatibility is the most critical criterion in terms of influence.
Then, the fuzzy influence weights were combined with the MFGRA to assess the priority of performance improvement for promoting problem-solving of m-commerce on the basis of the fuzzy grey relational degrees and FINRM. An empirical case study was conducted to evaluate the fuzzy grey relational degrees by using the proposed approach and traditional method. On the basis of performance questionnaires in Yahoo shopping (alternative A), PChome online 24 hours (alternative B), and Amazon (alternative C), the fuzzy/de-fuzzy grey relational degrees could be obtained, as depicted in Tables 6 and 7 . The results exhibit that Yahoo shopping (alternative A) obtains the best ranking and selection, and Amazon (alternative C) should be prioritised for m-commerce improvement. As depicted in Table 7 , for the traditional method, the grey relational degrees for Yahoo shopping (alternative A), PChome online 24 hours (alternative B), and Amazon (alternative C) are 0.973, 0.873, and 0.733, respectively, implying the order A > B > C; for the proposed method, the grey relation-al degrees for Yahoo shopping (alternative A), PChome online 24 hours (alternative B), and Amazon (alternative C) are 0.796, 0.764, and 0.703, respectively, also implying the result A > B > C. The comparative results exhibit that although the ranking is the same, the proposed method is superior because it can obtain a more realistic grey relational degree, resulting in the formulation of the best improvement plan. In the proposed method, the grey relational coefficients (shown the degree of closing the aspiration level) for "trust", "attitude", and "perceived security" in Yahoo shopping (alternative A) were 0.901, 0.806, and 0.619, respectively; the values for PChome online 24 hours (alternative B) were 0.847, 0.754, and 0.628, respectively, and those for Amazon (alternative C) were 0.718, 0.668, and 0.635, respectively. These results exhibit that "perceived security" is the first priority for m-commerce improvement because it has the least grey relational coefficient. Thus, the empirical case study shows that the proposed model can determine the actual problem-solving points in the real world how to improve the problem for promoting m-commerce towards achieving the aspiration level. l m h ij n n ij ij ij n n t t t t 
, which is in accord with defuzziness; here, n is the number of criteria (n = 11), p is the number of experts in practical experience (p = 18), and the significant confidence is 98.2 %, greater than the recommended minimal value of 95%. Table 4 . The fuzzy/de-fuzzy sum of influences given/received for dimensions and criteria (3.567,6.153,12.358), 7.359 (3.363,5.914,12.205), 7.160 (6.930,12.067,24.562), 14.520 (-8.638,0.239,8.995), 0.199 C 12 (2.709,5.401,11.765), 6.625 (3.557,6.102,12.498), 7.385 (6.265,11.503,24.263), 14.010 (-9.789,-0.701,8.208 ), -0.761 .875,4.504,10.646), 5.675 (1.846,4.464,10.527), 5.612 (3.721,8.968,21.173), 11.288 (-8.652,0.040,8.800), 0.063 C 14 (3.831,6.381,13.307), 7.840 (2.671,5.364,11.777), 6.604 (6.502,11.746,25.083), 14.444 (-7.945,1.017,10.636), 1.236 C 21 (3.451,6.125,12.814), 7.463 (3.740,6.364,13.009), 7.704 (7.191,12.489,25.822), 15.167 (-9.558,-0.239,9.074), -0.241 C 22 (3.257,5.881,12.494), 7.211 (3.570,6.208,12.775), 7.518 (6.827,12.090,25.269), 14.729 (-9.518,-0.327,8.924), -0.307 C 23 (3.487,6.086,12.784), 7.452 (3.951,6.549,13.393), 7.964 (7.438,12.635,26.177), 15.416 (-9.906,-0.463,8.833), -0.512 C 31 (4.750,7.225,13.378), 8.451 (4.462,6.996,13.313), 8.257 (9.212,14.221,26.691), 16.708 (-8.563,0.228,8.916), 0.194 End of Table 3 D 4.824,7.305,13.404), 8.511 (4.400,6.935,13.218), 8.184 (9.224,14.239,26.622), 16.695 (-8.394,0.370,9.004), 0.327 C 33 (4.302,6.828,12.943), 8.024 (4.478,7.008,13.276), 8.254 (8.780,13.836,26.218), 16.278 (-8.974,-0.179,8.464), -0.230 C 34 (4.820,7.351,13.650), 8.607 (4.835,7.335,13.553), 8.574 (9.655,14.686,27.203), 17.181 (-8.732,0.016,8.815 ), 0.033 Table 4 3.3. Discussions and implications Figure 4 illustrates the fuzzy influence analyses of dimensions and criteria, and the fuzzy/ de-fuzzy grey relational degrees are depicted in Tables 6 and 7 . The information can help the decision-makers in actual decision-making. In Figure 4 , the eleven criteria and three dimensions could be readily depicted to affect each other. The results for the three dimensions exhibit that 'trust' dimension, with the biggest positive value ( i i x y Θ   ), is the most influence dimension as the priority of performance improvement. Trust is the origin of the problem, and it is followed by "perceived security" (positive value) and "attitude" (negative value). "Familiarity", with the biggest positive value ( i i x y Θ   ) in the "trust" dimension, is the most influence criterion as the improvement priority. It is followed by "honesty" (positive value), "benevolence" (positive value), and "competence" (negative value). On the basis of Tables 6 and 7, "perceived security", which has the best ranking, is the most crucial dimension in terms of influence, and it is followed by "attitude" and "trust". "Privacy protection" shows the best ranking in the "perceived security" dimension, and it is the most critical criterion in terms of influence. It is followed by "authentication", "data integrity", and "encryption". The results exhibit that "privacy protection" in "perceived security" with positive value ( i i x y Θ   ) have a significant and positive relationship to affect m-commerce adoption. In other words, if the enterprises can ensure the data privacy and security of the customers, it can acquire the potential customers and keep the customers in m-commerce market. To address the problem of a fuzzy environment with uncertain information, the fuzzy influence weights can be combined with the MFGRA for evaluating the fuzzy/de-fuzzy grey relational degrees, to determine the improvement priority. The fuzzy performance scores should then be replaced with the fuzzy grey relational degrees that exhibit the improvement direction, which is more relevant in the present rival environment. The results in Tables 6 and  7 exhibit that Yahoo shopping (alternative A) obtains the best ranking and selection because it has the highest grey relational degree, and Amazon (alternative C) should be prioritised for improvement because it has the least grey relational degree. The comparative results present that the proposed approach is better than the traditional method because its grey relational coefficients are not equal to one ( ( , ) 1
Moreover, the proposed method can obtain a more realistic grey relational degree, facilitating the formulation of the best improve- Θ i x % % y ment plan for towards achieving the aspiration level in reality; the traditional grey relation analysis (GRA) method can achieve only a relatively optimal result (such as Table 7 , grey relational coefficient in traditional method,
Conclusions and remarks
On the basis of real world relationships, this paper combined the FDEMATEL technique, the FDANP, and MFGRA methods to develop a new hybrid FMADM model that could be utilized to explore and promote m-commerce for satisfying consumer/user needs in the era of IoT. The principal emphasises of this study are as follows. First, a model was constructed for solving decision-making problems related to the improvement of m-commerce, and it could supply the decision-makers with a deep realization of the factors influencing m-commerce improvement. Second, the FDEMATEL technique can be used for constructing a fuzzy influence network relationship for systematic improvement, for solving problems related to interactive relationships in a fuzzy environment with uncertain information, and for overcoming the assumption of independent dimensions and criteria in hierarchic structure. The FDANP method is capable of deriving the fuzzy influence weights to eliminate the time-consuming investigations of the original ANP questionnaires and to address the feedback and dependence problems. Third, the comparatively good result is substituted by the aspiration level to avoid the situation of "choosing the best among inferior alternatives" for satisfying the demands of current competitive markets. The MFGRA approach could convert the fuzzy performance values into fuzzy grey relational coefficients by using the concept of aspiration level to replace traditional "max-min" as the benchmark. The fuzzy grey relational coefficients could enable the decision-makers to increase the relational coefficients in each criterion and dimension for solving the problems of fuzzy decision-making and towards approximating the aspiration level based on the FINRM. The FINRM could support to identify the origins of a problem for their systematic improvement, and therefore, it can support the decisionmakers to realize the causality of fuzzy decision-making problems and establish the best improvement strategy for m-commerce in reality. Fourth, the new hybrid FMADM model could be utilized for not only the selection and ranking, but also the performance improvement towards approximating the aspiration level. The empirical case study demonstrated that the proposed new hybrid FMADM model with MGRA/MFGRA is utility in performing ranking/selection and indicating the improvement direction. The results exhibited that Yahoo shopping (alternative A) obtained the best ranking and selection because it had the highest grey relational degree. Furthermore, the comparative results exhibited that the proposed method is superior to the traditional method because its grey relational coefficient is not equal to one; moreover, the proposed method can obtain a more realistic grey relational degree. We conclude that the results provide guidance for the decision-makers by identifying the dimension/criterion critical for decision-making and by identifying the best approach for enhancing "perceived security" through "privacy protection" for promoting m-commerce.
Two limitations of this study require further examination. First, a large sample with a strong explanatory power should be used to verify the patterns in the results. Second, the evaluation attributes were adopted from the relevant literature for m-commerce, and the investigations of pre-test questionnaires in practice experience. A dominance-based rough set approach should be used to identify other possible criteria for analysis; such an approach can sort core attributes resulting from longitudinal studies and in-depth interviews.
